During hearing, acoustic signals travel up the ascending auditory pathway from the cochlea to auditory cortex; efferent connections provide descending feedback. In human listeners, although auditory and cognitive processing have sometimes been viewed as separate domains, a growing body of work suggests they are intimately coupled. Here, we review the effects of hearing loss on neural systems supporting spoken language comprehension, beginning with age-related physiological decline. We suggest that listeners recruit domain general executive systems to maintain successful communication when the auditory signal is degraded, but that this compensatory processing has behavioral consequences: even relatively mild levels of hearing loss can lead to cascading cognitive effects that impact perception, comprehension, and memory, leading to increased listening effort during speech comprehension.
Hearing: Not All in the Ears
'Tout d'abord poussé par ce qui se fait en aviation, j'ai appliqué aux insectes les lois de la résistance de l'air, et je suis arrive. . .à cette conclusion que leur vol est impossible. ' (Magnan, 1934) [1] Some 80 years ago, the French etymologist Antoine Magnan, writing about the wing-size: weight ratio of many flying insects, such as the bumblebee, concluded that these physical limitations would make it impossible for them to fly. How then did they fly? The answer, of course, is that such simple calculations failed to take into account the full complexity of factors related to the structure and movement of the wings of insects that ultimately make flight possible [2].
A similar paradox can be found in older adults' speech recognition. Although substantial variability is seen across individuals, the aging brain shows widespread changes in cortical structure [3] and network dynamics that carry cognitive function [4] . The behavioral consequences of these changes appear in a variety of cognitive 'fundamentals', including slowing in perceptual and cognitive operations, a decline in working memory capacity, and reduced efficiency in executive function and inhibition [5] . Also common in adult aging is hearing loss and increased difficulty processing complex auditory signals [6] .
Against this backdrop, consider the challenges for comprehension of natural speech as one hears it on a daily basis. Speech rates in everyday conversation average about 150 words per minute (wpm), ranging from a 'slow' 90 wpm in thoughtful speech to bursts of over 210 wpm as might be heard from a radio or television newsreader working from a prepared script. Furthermore, although it typically goes unnoticed, everyday speech is surprisingly underarticulated, such that many words would be totally unidentifiable if not heard with the support of acoustic and
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Healthy aging is associated with neurophysiological changes at every stage of the human auditory system, including the cochlea, spiral ganglion neurons, cochlear nuclei, and other midbrain structures up through the auditory cortex.
Despite widespread declines in hearing ability, speech comprehension in older adulthood is generally good.
To maintain high levels of speech comprehension success, hearing-impaired listeners recruit systems outside the canonical speech-processing network to compensate for a poor auditory signal.
The additional cognitive effort required when listening to a degraded speech signal can impact other operations, such as remembering what has been heard.
